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(54) Impact sensor 

(57) An impact sensor (10) Includes a board (12), a 
mass coupled to the board (12) for deforming the board 
(12) when an impact is applied to the mass in any direc- 
tion, and a detector (14) for detecting the deformation of 
the board. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an impact sensor 
and, more particularly, to an impact sensor for detect- 
ing, for example, the impact of a car accident. 

2. Description of the Related Art 

Various acceleration sensors or the like have been 
used as impact sensors. One use of such impact sen- 
sors is to unlock a car door when a car accident occurs, 
making it easier to save the persons trapped within the 
car. 

However, conventional acceleration sensors have 
directivity, and can detect an impact in only one direc- 
tion. For this reason, acceleration sensors must be dis- 
posed in the three intersecting axial directions, if 
impacts in all directions are to be detected. This is dis- 
advantageous for several reasons, the impact sensor 
becomes enlarged, the manufacturing costs increase, 
and there is a directional aspect in mounting the impact 
sensor. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a nondirectional impact sensor which is, with 
only a single sensor, capable of detecting impacts in all 
directions. 

The present invention provides an impact sensor 
comprising: a generally planar board; a detector for 
detecting the deformation of the board; a connection 
member coupled to the board and having a weight 
mounted thereon, an imaginary line extending from the 
center of gravity of the weight to the point at which the 
connection member is coupled to the board being 
oblique with respect to the plane of the board. 

In one embodiment of the invention, the sensor 
comprises a piezoelectric layer having electrodes 
formed on opposite sides. One of the electrodes is 
formed in such a way that its area on either side of an 
imaginary straight line passing through the point at 
which the connection member is coupled to the board is 
different. 

In another embodiment of the invention, the detec- 
tor is a ferroelectric thin film. 

In a third embodiment of the invention, the board is 
formed of a piezoelectric material and the detector com- 
prises the piezoelectric element and electrodes formed 
on opposite sides thereof. In this embodiment, one of 
the electrodes is preferably formed in such a way that its 
area is different on opposite sides of an imaginary 
straight line passing through the point where the con- 
nection member is coupled to the board. 

When an impact is applied to the weight, regardless 



of the direction of the impact, a force is applied to the 
board via the connection member. At this time, since the 
connection member extends obliquely with respect to 
the plane of the board, the board is deformed around an 

5 imaginary line extending through the point wherein the 
connection member is mounted on the board, and a sig- 
nal is output from the detector as a function of the defor- 
mation of the board. When a piezoelectric element is 
used as the detecting means, charges of opposite 

w polarity are generated in the piezoelectric element on 
opposite sides of an imaginary line extending through 
the point at which the connection member is mounted 
on the board in proportion to the degree of deformation 
of the board. For this reason, if the electrode is formed 

75 in such a way that the area of the electrode is different 
on each side of the imaginary straight line, the charges 
detected by the respective sides of the electrode are not 
completely canceled, and a net charge is output. By 
measuring the voltage generated in the piezoelectric 

20 element, it is possible to detect the impact. 

Further, if the piezoelectric element is excited 
beforehand, its resonance frequency and impedance 
vary according to the deformation of the board. There- 
fore, the measurement of the resonance frequency and 

25 impedance makes it possible to detect an impact. In 
order to measure the variation in the voltage and the 
resonance frequency, the board itself may be formed of 
a piezoelectric member with electrodes formed on 
opposite surfaces thereof. Further, when a ferroelectric 

30 thin film is used as a detector, its electrostatic capacity 
varies due to the deformation of the board. Therefore, 
by measuring the electrostatic capacity of the detector 
element, an impact can be detected. 

According to the present invention, a nondirectional 

35 impact sensor can be obtained which is capable of 
detecting impacts in all directions. Furthermore, by con- 
necting the mass to the board in such a manner that an 
imaginary line extending between the center of gravity 
of the mass and the point at which the connection mem- 

40 ber connects the mass to the board is oblique with 
respect to the plane of the board, it is possible to deform 
the board to substantially the same degree with respect 
to impacts in all directions. Thus, it is possible to obtain 
an impact sensor having a sensitivity which is substan- 

45 tially the same with respect to impacts in all directions. 

The above and further objects, features, and 
advantages of the invention will become more apparent 
from the following detailed description of an embodi- 
ment made with reference to the accompanying draw- 

50 ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there is 
55 shown in the drawings several forms which are pres- 
ently preferred, it being understood, however, that the 
invention is not limited to the precise arrangements and 
instrumentalities shown. 
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Fig. 1 Is a perspective view illustrating an example 
of an impact sensor of the present invention. 

Fig. 2 is a sectional view of the impact sensor 
shown in Fig. 1. 

Fig. 3 is a diagram illustrating a state in which an 
impact parallel to a board is applied in the 
impact sensor shown in Fig. 1 . 

Fig. 4 is a diagram illustrating a state in which an 
impact intersecting at right angles to the 
board is applied in the impact sensor shown 
in Fig. 1 . 

Fig. 5 is a sectional view illustrating another exam- 
ple of the impact sensor of the present inven- 
tion. 

Fig. 6 is a sectional view illustrating yet another 
example of the impact sensor of the present 
invention. 

Fig. 7 is a perspective view illustrating another 
example of the impact sensor of the present 
invention. 

Fig. 8 is a perspective view illustrating modifica- 
tions of the board and a connection member 
for use in the impact sensor of the present 
invention. 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

Referring now to the drawings wherein like numer- 
als indicate like elements, there is shown in Figs. 1 and 
2 an impact sensor constructed in accordance with the 
principles of the present invention and designated gen- 
erally as 10. 

Impact sensor 10 includes a board 12 formed of, for 
example, a thin metallic plate. A piezoelectric element 
14, serving as detector, is formed on one side of the 
board 12. The piezoelectric element 14 includes a circu- 
lar piezoelectric layer 16 having electrodes 18a and 18b 
(Fig. 2) formed on opposite surfaces thereof. The piezo- 
electric layer 16 may be formed, for example, of piezoe- 
lectric ceramic. The electrode 18b is preferably bonded 
to the board 12. The electrode 18a is formed such that 
its outer peripheral edge 19 separates from the outer 
peripheral edge of the piezoelectric layer 16 in one 
direction along the outer periphery of the piezoelectric 
layer 16. 

A weight (mass) 20 is disposed on the opposite 
main face of the board 12. The weight 20 is preferably 
connected to the central portion of the board 12 by a 
connection member 22. The connection member 22 is 
preferably a straight member which is mounted to the 
board 12 in such a manner that it extends obliquely with 



respect to the plane of the board 12. The weight 20 is 
preferably mounted on the end portion of the connection 
member 22 with the result that an imaginary line extend- 
ing from the center of gravity of the weight 20 to the 
5 point 15 wherein the connection member 22 is coupled 
to the board 12 is oblique to the plane of the board 12. 
The impact sensor 10 is preferably supported by a 
structure (not shown) coupled to the end portion of the 
board 12. 

10 As a result of this structure, when an impact parallel 
to the plane of the board 1 2 is applied to the impact sen- 
sor 10, as shown by the arrows 11 in Fig. 3, the weight 
20 is displaced so as to rotate relative to a connection 
point 15 where the connection member 22 is coupled to 

15 the board 12. Therefore, the respective sides of the 
board located on either side of an imaginary straight line 
passing through the connection point 1 5 (in this embod- 
iment the imaginary line divides the board 12 in half) 
bend in opposite directions. More specifically, in the 

20 case where an impact is applied to the impact sensor 1 0 
in the direction of arrows 1 1 , the left side of the board 1 2 
and the piezoelectric element 14 bend upward and the 
right side thereof bend downward. This results in gener- 
ation of charges having opposite polarities at the left 

25 side and the right side of the piezoelectric element 14, 
respectively. 

Since the area of the electrode 18a is smaller than 
the area of electrode 18b (because of its shape), elec- 
trode 18a detects less of the generated charge that 

30 electrode 18b does. Accordingly, although the same 
quantity of charges (but having opposite polarities) are 
generated at the left and right side of the piezoelectric 
element 14, the charges detected by the electrodes 18a 
and 18b are not completely canceled, and a net charge 

35 representing the difference between the detected 
charges is output. Therefore, the sensor 10 detects the 
fact that an impact has been applied to the impact sen- 
sor 1 0 by measuring the output voltage of the piezoelec- 
tric element 14. 

40 Even when an impact is applied in a direction per- 
pendicular to the plane of the board 12 (as shown in Fig. 
4), the weight 20 is displaced so as to rotate relative to 
connection point 15. For this reason, the impact can be 
detected in the same way as when an impact parallel to 

45 the board 12 is applied to the sensor 10. 

Because the weight 20 is connected to the board in 
such a manner that an imaginary line extending 
between the center of gravity of the weight 20 and the 
connection point 15, the board is deformed in substan- 

50 tialiy the same manner irrespective of the direction of 
the impact applied to the sensor 10 (move specifically, 
to the weight 20). Furthermore, since an impact from 
substantially any direction causes the weight 20 to 
rotate around the connection point 15, the degree of 

55 deformation of the board 12 will be almost the same 
with respect to impacts of about the same magnitude, 
irrespective of the direction of the impact. Therefore, it is 
possible to make the sensitivity of the impact sensor 10 
to be substantially constant with respect to impacts from 
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any direction. 

As described above, the impact sensor 10 of the 
preferred embodiment of the present invention is a non- 
directional sensor which is capable of detecting an 
impact in all the directions and which has almost con- s 
stant sensitivity with respect to impacts in all directions. 
Therefore, if the impact sensor 10 is mounted in an 
automobile or the like, it is possible to detect an impact 
of a car accident or the like. 

To detect the impact, the piezoelectric element 14 10 
may be excited, and the resonance frequency or imped- 
ance thereof may be measured. In this case, when the 
board 12 is deformed due to the application of the 
impact, the piezoelectric element 14 is also deformed, 
and the resonance frequency or impedance thereof var- is 
ies. Therefore, it possible to detect the impact from the 
change in the resonance frequency or impedance of the 
output signal generated by the piezoelectric element 14. 
In an alternative embodiment shown in Fig. 5, the board 
12 itself may be formed of a piezoelectric material hav- 20 
ing electrodes 40a and 40b are formed on opposite 
sides of the board 12. In this embodiment, changes in 
the voltage, the resonance frequency or the impedance 
are detected by detecting the voltage across the elec- 
trodes 40a, 40b. Like the prior embodiment, an impact 25 
can be detected because the output voltage and the 
resonance frequency vary due to the deformation of the 
board 12. 

In a third embodiment of the present invention (Fig. 
6), a detector 46 having electrodes 44a and 44b formed 30 
on opposite sides of a ferroelectric thin film 42 is used. 
As the board 12 is deformed, the electrostatic capacity 
of the detector 46 varies. By measuring the electrostatic 
capacity of the detection element 46, it is possible to 
detect an impact applied to the sensor 1 0. 35 

In the foregoing embodiments, the connection 
member 22 is connected to the board 1 2 at the center of 
the board. Alternatively, as shown in Fig. 7, the connec- 
tion member 22 may be mounted at a point 23 located 
remotely from the center 21 of the board 12 In this 40 
case, even if electrodes are formed on the entire surface 
of the opposite sides of the piezoelectric element 14, 
the electrode area on one side of an imaginary line (for 
example straight line 24) passing through its connection 
point 23 will be different than the electrode area on the 45 
other side of that line. In such an embodiment, it is not 
necessary to form one of the electrodes 18a of the pie- 
zoelectric element 14 into a special form. 

The connection member 22 can take substantially 
any shape and can be formed integrally with the board so 
12 as shown in Fig. 8. In this embodiment, the connec- 
tion member 22 is formed from cutout portions in a part 
of the board 12, with those portions being bent and the 
weight 20 being mounted on the ends of the cutout por- 
tions. As in the prior embodiments, the connection 55 
member 22 connects the weight 20 to the board 12 in 
such a manner that an imaginary line extending 
between the center of gravity of the weight 20 and the 
effective connection point of the connection member 22 



to the board 12 is oblique to the plane of the board 12. 
As described above, even if the board 12 and the con- 
nection member 22 are formed integrally, it is possible 
to obtain a nondirectional impact sensor 10 by obliquely 
forming the connection member 22 relative to the plane 
of the board 12. 

The present invention may be embodied in other 
specific forms without departing from the spirit or essen- 
tial attributes thereof and, accordingly, reference should 
be made to the appended claims, rather than to the fore- 
going specification, as indicating the scope of the inven- 
tion. 

Claims 

1 . An impact sensor (10), comprising: 

a board (12); 

a mass (20) coupled to the board (12) for 
deforming the board (12) when an impact is 
applied to the mass (20) in any direction; 

a detector (14; 46) for detecting the deforma- 
tion of the board (12). 

2. An impact sensor (10) according to claim 1, 
wherein said mass (20) is coupled to said board 
(12) by a connection member (22). 

3. An impact sensor (10) according to claim 2, 
wherein said detector (14) is a piezoelectric device 
having electrodes (18a, 18b) formed on opposite 
sides of a piezoelectric layer (16), and one of said 
electrodes (18a) is formed in such a way that its 
area is different on opposite sides of a straight line 
passing through the effective point at which said 
connection member (22) is coupled to said board 
(12). 

4. An impact sensor (10) according to claim 1, 
wherein said detector (46) is a detection device 
which uses a ferroelectric thin film (42). 

5. An impact sensor (10) according to claim 2, 
wherein said board (12) is formed of a piezoelectric 
element and wherein said piezoelectric element 
cooperates with a pair of electrodes (40a, 40b) 
formed on opposite sides of said board (12) to 
define said detector, and one of said electrodes 
(40a) is formed in such a way that its area is differ- 
ent on opposite sides of a straight line passing 
through the effective point at which said connection 
member (22) is coupled to said board (12). 

6. An impact sensor (1 0) according to one of claims 1 
to 5, wherein said board (12) is planar in shape, 
said mass (20) is coupled to said board (12) by a 
connection member (22) in such a manner that an 
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imaginary straight line extending from the center of 
gravity of said mass (20) to the effective point in 
which said connection member (22) is coupled to 
said board (12) extends obliquely to said board 
(12). 5 

7. An impact sensor (10) according to claim 6, 
wherein said connection member (22) is a straight 
member extending obliquely to said plane of said 
board (12). w 

8. An impact sensor (10) according to claim 6, 
wherein said effective point at which said connec- 
tion member (22) is coupled to said board (12) is in 
the center of said board (12). 75 

9. An impact sensor (10) according to claim 5, 
wherein said effective point at which said connec- 
tion member (22) is coupled to said board (12) is at 

a position away from the center of said board (12). 20 



25 



30 



40 



45 



50 



55 



EP 0 753 753 A2 





FIG. 2 



EP 0 753 753 A2 




FIG. 4 



EP 0 753 753 A2 




FIG. 6 



EP 0 753 753 A2 



10 




14 24 



FIG. 7 



12 




22 
-20 



FIG. 8 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiiiiiiNiiiiii 



(12) 



(88) Date of publication A3: 

15.07.1998 Bulletin 1998/29 

(43) Date of publication A2: 

15.01.1997 Bulletin 1997/03 

(21 ) Application number: 961 1 1 039.2 

(22) Date of filing: 09.07.1996 



di) EP 0 753 753 A3 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : G01P 15/00 



(84) Designated Contracting States: 


(72) Inventor: 


DE FR GB ITSE 


Nakamura, Takeshi, 


(30) Priority: 11.07.1995 JP 199098/95 


c/o Murata Manufact. Co., Ltd. 
Nagaokakyo-shi, Kyoto-fu (JP) 


(71) Applicant: 

MURATA MANUFACTURING CO., LTD. 
Nagaokakyo-shi Kyoto-fu 226 (JP) 


(74) Representative: 

Schoppe, Fritz, Dipi.-lng. 
Schoppe & Zimmermann 
Patentanwalte 
Postfach 71 08 67 
81458 Munchen (DE) 



(54) Impact sensor 

(57) An impact sensor (10) includes a board (12), a 
mass coupled to the board (12) for deforming the board 
(12) when an impact is applied to the mass in any direc- 
tion, and a detector (14) for detecting the deformation of 
the board. 
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